Background: Pancreatic exocrine dysfunction has been frequently recorded in protein energy malnutrition (PEM) because the pancreas requires optimal nutrition for enzyme synthesis. This pancreatic enzyme insufficiency may play a role in the continuation of PEM. Objective: This study was designed to assess the pancreatic head size and exocrine pancreatic functions, namely serum amylase and lipase, in PEM and its subtypes and correlate any defect present with the various clinical and laboratory data of the PEM patients with special emphasis on the effect of nutritional rehabilitation. Patients and methods: A total of 33 cases of PEM; 15 marasmus, 10 kwashiorkor (KWO) and eight marasmic kwashiorkor (MKWO) were recruited from Ain Shams University children's hospital, together with 12 matched controls. The mean age of patients was 11.8777.8 months and that of the controls was 14.8377.7 months. Detailed history taking and thorough clinical examination with special emphasis on anthropometric measurements were taken for each studied infant as well as laboratory investigations which included; complete blood count, liver and kidney functions and serum amylase and lipase. Ultrasonographic assessment of pancreatic head size was performed for the cases and controls. Nutritional rehabilitation program was carried out for 3-6 months followed by reassessment of the cases. Results: The pancreatic head size values were significantly lower in all subtypes of PEM (1.5270.6, 2.7370.12 and 3.0070.54 cm 3 in the marasmus, KWO and MKWO respectively) compared to the controls (5.1372.33 cm 3 ). The serum amylase and lipase were also significantly lower in all subgroups of PEM when compared to the controls with significant improvement following nutritional rehabilitation coupled by a significant increase in pancreatic head size too. No significant differences were recorded when we compared the subgroups together except for a significant higher rate of change in serum amylase in edematous patients compared to nonedematous ones. The length of nutritional rehabilitation period, age of the patient, weight and serum albumin were the most determinant factors for pancreatic head size as evident from the multiple regression analysis study. Conclusion: The potentially correctable exocrine pancreatic insufficiency in cases of PEM should be carefully thought of when planning the nutritional rehabilitation program for such patients as it could be responsible for the serious continued morbidity issues that they face. We thus recommend that estimation of pancreatic head size and exocrine function should be included in the evaluation of PEM patients and they could also be used as a prognostic parameter. Sponsorship: The patients enrolled were among those admitted and managed freely in the children
Introduction
Pancreatic exocrine dysfunction has been frequently recorded in protein energy malnutrition (PEM) in underdeveloped countries. In addition, the pancreas requires optimal nutrition for enzyme synthesis and potentially correctable pancreatic enzyme insufficiency may play a role in the continuation of PEM (Cleghorn et al, 1991) .
Malnutrition is still a problem especially in developing countries, where the total number of underweight and stunted children has not changed dramatically since 1980 (Heird, 2004) and the issues that increase the morbidity in PEM add to the economic burden that these developing countries face.
The problem of exocrine pancreas has not been thoroughly evaluated in Egyptian PEM patients. This work was thus designed to assess the pancreatic size and function in various subtypes of PEM and correlate any defect present with the various clinical and laboratory data of the PEM patients. The effect of nutritional rehabilitation on such changes will be studied as well.
Patients and methods
The present study included 33 patients suffering from PEM recruited from Ain Shams University Children's Hospital, Cairo Egypt, in the period from January to August 2003. They were further classified into three groups according to Wellcome (1970) : 15 marasmus, 10 kwashiorkor (KWO) and eight marasmic kwashiorkor (MKWO) cases. The patients were 15 male and 18 female with a mean age of 11.8777.8 months. A total of 12 healthy age-and sex-matched infants were enrolled as the control group (five male and seven female with a mean age of 14.8377.7 months).
After obtaining the approval of the ethical committee of the Children's Hospital, Ain Shams University, a written consent was signed by the parents or the legal guardians. The studied infants were enrolled in a three-phase study with preinterventional assessment as phase I, nutritional rehabilitation interventional program as phase II and postinterventional assessment 3-6 months from the start (phase III).
Nutritional rehabilitation was carried out according to the WHO (1999). Initially, management of life-threatening and emergency conditions were done in the first week, then the start of feeding was supervised. Caloric intake was 80-100 kcal/kg/day with the continuity of breast-feeding in cases of breast fed infants. The diet given was low in protein, fat, and sodium, high in carbohydrates as almost all severely malnourished infants have infections, impaired liver and intestinal functions and problems related to electrolyte imbalance.
Rehabilitation stage followed with the return of the infant's appetite. The caloric intake increased to 150-200 kcal/kg/day with increase in the amounts and decrease in the frequency. High protein diet was given and vitamins and minerals (potassium, magnesium and zinc) were continued in increased amounts. Iron was given during this stage to treat the anemia present. The infant remained in the hospital for the first part of this rehabilitation phase (at least 3 weeks after admission), and then followed up in the nutritional rehabilitation outpatient clinic.
Assessment in phases I and III included detailed dietetic history, history of any gastrointestinal troubles especially vomiting, diarrhea or bouts of abdominal distension and clinical examination with special emphasis on the anthropometric measurements and signs of malnutrition. The laboratory workup comprised complete blood count (Coulter T660, Miami, FL, USA), liver and kidney functions (autoanalyzer, Synchron CX-5 delta of Beckman) as well as assessment of serum amylase by a chromogenic method according to Klein et al (1970) (using the kit supplied by Quimica Clinica Aplicada, S.A, Spain). Serum lipase was also estimated by a turbidimetric method according to Lott et al (1986) (using the kit supplied by Randox laboratories, UK).
The pancreatic size shows a close relation with the BMI and the diameter of the pancreatic head delivers the best evidence being the measurement with the highest reliability (Cuntz et al, 2000) . Based on this knowledge, ultrasonographic assessment of pancreatic head size was done for the studied cases and controls using the Hetachi apparatus EU 565A with a 3.5 MHz prob. The measurements of the pancreatic head were taken as follows: (1) the diameter of the head vertical to the longitudinal axis in maximum diameter; (2) the length of the head parallel to the longitudinal axis in maximum extension and (3) the pancreatic head at the confluence of the splenic and superior mesenteric veins vertical to the longitudinal axis in maximum diameter at the middle of the confluence (Cuntz et al, 2000) . The measurements were repeated three times to make sure of its reliability. Multiplying the three measurements together and dividing by two gave us the pancreatic head size volume (Figures 1 and 2 ).
Statistical analysis of the results was carried out via the standard computer programs SPSS (version 10) and Statistica software package version 5 (Statsoft, Tulsa, OK, USA). Nonparametric data were detected by the Shapiro-Wilk test. Student's t-and paired t-tests were used for parametric quantitative data and Mann-Whitney U and Wilcoxon matched pairs' tests for nonparametric quantitative data in addition to the correlation studies. The numerical data were represented in mean7s.d. and median (interquartile range). The differences were considered significant if the probability (P) values were less than 0.05.
Results
As regards the anthropometric measurements, the centile distribution of weight and length or height for age as well as midarm circumference were lower than controls (Po0.001 respectively) in all the studied subgroups and they signifi-cantly increased by the time of the second sampling (Po0.001), yet not reaching the control values (Table 1) . The same findings were observed regarding hemoglobin level and serum albumin (Table 2) . Although liver and kidney functions were higher than control values, yet their individual values were within the normal range for age and sex according to Nicholson and Pesce (2004) from the start of the study. Table 3 demonstrates that pancreatic head size was significantly lower in all subgroups of PEM (lowest values are in marasmus patients) compared to the controls. The ultrasonographic pictures of a marasmus patient and one of the controls are demonstrated in Figures 1 and 2 , respectively. There was significant increase in the pancreatic head size in all subgroups after nutritional rehabilitation as shown in Figure 3 .
Regarding the serum amylase levels, Table 3 shows significantly lower values in all subgroups (lowest in edematous subgroups) compared to the controls. Significant improvement in all subgroups following nutritional rehabilitation is also demonstrated. The values, however, exceed those of the controls especially in the MKWO patients.
Similarly, serum lipase values were significantly lower than the controls in all studied subgroups (lowest in edematous cases) with significant improvement following nutritional rehabilitation. Serum lipase also showed overshooting after nutritional rehabilitation, yet this finding was not of statistical significance. The rate of change of serum amylase, serum lipase and pancreatic head size showed no differences between the studied subgroups except for significantly higher rate of change of serum amylase in the edematous types (both the KWO and MKWO cases) compared to the nonedematous type (marasmus) with a P value of o0.001, respectively. Also, the rate of change of pancreatic head size was significantly higher in marasmus compared to KWO cases (Po0.05).
Length of the nutritional rehabilitation period, serum albumin, and the weight of the patients before nutritional rehabilitation were the most determinant factors for the rate of change of the pancreatic head size as evident by the multiple regression analysis (Beta values were 0.40, 0.73 and 0.47, respectively).
Worth noting here is that one of the PEM patients examined for enrollment in the study had persistent vomiting as the presenting symptom. Serum lipase of this Figure 3 Line graph comparing the pancreatic head size in the three studied subgroups before and after nutritional rehabilitation.
Pancreatic size in PEM MA El-Hodhod et al particular patient was 600 U/l. We further investigated the patient and it proved to be a case of acute pancreatitis. Serum lipase decreased to 300 U/l in 3 weeks with the proper management and after 3 months of nutritional rehabilitation, it was down to near the control values. Of course, this case was excluded from the study.
Discussion
The present study showed a significant decrease in pancreatic head size and function namely serum amylase and lipase in all subgroups of PEM compared to the controls. This comes in agreement with previous studies which reported that protein-deficient nutrition was accompanied by progressive atrophy of the pancreas followed by exocrine insufficiency (Barbezat & Hansen, 1968; Sauniere & Sarles, 1988) . Severe malnutrition leads to a reduction in zymogen granules (Davis, 1948; Stransky & Dauis-Lawas, 1950 ) and basal and stimulated secretion of enzymes (Thompson & Trowell, 1952; Barbezat & Hansen, 1968) . More recently, Brooks and Golden (1992) reported pancreatic atrophy in postmortem (PM) histological sections of PEM cases. The results of this study also demonstrate significant increase in pancreatic head size as well as serum amylase and lipase after nutritional rehabilitation. This is in consistence with Thompson and Trowell (1952) , and Barbezat and Hansen (1968) who reported that the reduction in exocrine pancreatic function appeared to be reversible after correction of dietary deficiencies. As for the normalization of the pancreatic head size on refeeding, this is enforced by the findings of Mohamed-Bendaka et al (1993) who studied severe protein depletion in the rat and Cuntz et al (2000) who worked with adult patients having eating disorders.
The lowest enzyme values in our study were those of the edematous cases (KWO and MKWO). The previous finding is more obvious in serum amylase levels. This could be explained by the extent of the pathology seen in the various types of PEM as reported in the work of Brooks and Golden (1992) . They observed that pancreatic fibrosis was seen only in one PM histological section of 16 marasmus cases compared to eight of 25 studied KWO cases and seven of the 24 MKWO cases. This also comes in agreement with Barbezat and Hansen (1968) who reported that the mean amylase secretion was lower in KWO than in marasmus patients and explained this finding by the fact that the relatively excessive carbohydrates intake in such patients may be responsible for hormonal and neurogenic stimulation of the pancreas like flogging a tired horse.
The significantly higher rate of change of serum amylase in edematous compared to the nonedematous patients is expected since these patients have the lowest enzyme values. This is also reinforced by the work of Barbezat and Hansen (1968) who reported a dramatic increase in serum amylase after treatment of KWO cases.
The significantly higher rate of change of the pancreatic head size in marasmus compared to KWO cases is expected since these patients have the lowest pancreatic head size recordings.
The overshooting of the serum amylase of PEM patients to above control levels after nutritional rehabilitation is reinforced by the finding of Prost and Belleville (1987) . They observed that on refeeding of starved rats, amylase synthesis increased with rebound effect compared to the controls. We hypothesize that this could be due to the increased replication and transcription power of PEM cells on resupplying the missing element of diet, which is the protein as well as the other micro-and macro-nutrients needed for optimal cell survival.
The present study demonstrated that the serum albumin before nutritional rehabilitation was one of the most determinant factors for the rate of change of the pancreatic head size and consequently functions using the multiple regression analysis. This comes in agreement with Barbezat and Hansen (1968) who reported a significant positive correlation between pancreatic enzyme output and serum albumin concentration.
The regression analysis also showed that rehabilitation time is a crucial factor in determining the pancreatic head size in PEM patients. This point has a great practical impact as it proves the prognostic value of this measurement and its importance in predicting nutritional recovery.
In conclusion, the potentially correctable exocrine pancreatic insufficiency in cases of PEM should be carefully thought of when planning the nutritional rehabilitation program for such patients as it could be responsible for the serious continued morbidity issues that they face. We thus recommend that estimation of pancreatic head size and exocrine function should be included in the initial evaluation and follow-up of PEM patients and thus they could be used as a prognostic parameter.
